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Many living systems adhere to Ohm's law unless the applied voltage 
exceeds a  certain limit above which the apparent resistance to direct 
current does not remain constant but decreases (StrohP).  This is one 
of the many resemblances to electrode phenomena which have  been 
pointed  out  by  Gildemeister3  Probably "all  living  tissues  have  a 
lowered resistance as one of the aspects of injury by electrocution.  3 
An apparent  increase  of  resistance,  as  measured  in  the  Wheat- 
stone bridge during the application of increased direct potentials, has 
not often been observed, but occurs in several of the large plant cells 
studied in  this  laboratory.  For  example, the resistance of  Nitella, 
ordinarily very high  in most solutions and constant under 5 to  100 
my. applied potential (unless stimulation occurs0 may be lowered by 
contact with KC1; after this the application of relatively high voltages 
increases the resistance at the point where the current passes from the 
external solution into the protoplasm.  Valonia macrophysa, measured 
very soon after its collection in Bermuda, may also have a resistance 
which varies with the applied potential, and is  then  usually greater 
when the current passes in one direction than in the other.  This seems 
1  Strohl, A., La conductibilit6 electrique du corps humain, Paris, 1925. 
Gildemeister, M., Handb. norm. u. path. Physiol., 1928, 8, pt. 2,657. 
3  Injury and recovery after the application of high voltages to plant tissue have 
recently been studied by Dixon and Bennet-Clark, who also found a small rise 
of resistance to follow after very short stimuli of certain voltages (low frequency 
alternating current).  Cf. Dixon, H.  H.,  and Bennet-Clark, T. A., Proc. Roy. 
Dublin Soc., 1927, 18, 351; 1928, 19, 27. 
4  Blinks, L. R., J. Gen. Physiol., 1929-30, 13,495 
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to be due to injury at one end, where the attachment to a neighboring 
cell  has  been  broken.  V.  macrophysa,  of  Tortugas,  seldom  en- 
tirely recovers from the  injuries  of  separation  and  cleaning  and  its 
resistance remains low and variable  during  its life in the laboratory 
(which, in the  sttmmer, is usually cut short by zoosporulation). 
The variation of resistance with potential is most characteristically 
shown in the freshly gathered cells of Valonia ventricosa.  Preliminary 
notes  t have indicated the character of  this effect, which is here more 
completely  described.  Kept  in  the  laboratory,  the  cells  reach  a 
condition in which their resistance is high and does not change either 
with  time  or  with  variations  in  voltage. 0  We  shall  call  this  the 
"constant  state."  But  for  a  long  period,  while  this  state  is  being 
app;oached,  the  resistance  is  low if low potentials  are  applied  and 
rises  when  the  potential  is  increased.  The  amount  of  the  rise  is 
largest  at  first  and  becomes less  as  the  cells  approach  constancy. 
Some of the smaller cells never show the variability; others which have 
nearly lost it may be made to display it again in larger degree simply 
by  repeated  measurement.  Impaled  cells  show  the  effect  most 
strikingly 7  and  contribute  largely  to  the  proposed  explanation. 
Their behavior will be further discussed in another paper. 
The  experiments  here  reported  were performed with intact cells, 
measured  soon after collection at the  Dry Tortugas,  Florida,  in the 
months of June, July, and August.  The  temperature  of the air, and 
of the sea water in which the cells lived, was between 25 ° and 30°C. 
The  methods  and  apparatus  employed in the  study of  the variable 
state are the same as used to measure protoplasmic resistance in the 
constant state, as previously described.  6 
The electrical circuit was an equal  ratio-arm  Wheatstone  bridge with  non- 
polarizable electrodes.  In some cases, measurements were made with the string 
galvanometer connected directly into the bridge without the vacuum tube detector. 
This was possible on account of the low resistances of Valonia cells.  The values 
were read directly from the decade boxes at balance, or, in the case of resistances 
6 Blinks, L. R., Carnegie Institution of Washington Year Book No. 26, 1926-27, 
217; No. 27, 1927-28,270.  Am. J. Physiol.,  1928, 85,351. 
Blinks, L. R., J. Gen. Physiol., 1929-30, 13,361. 
Blinks, L. R., Carnegie Institution of Washington Year  Book No. 28, 1929, 
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changing rapidly during current flow, by photographically recording the moving 
string  image.  Calibration  was  automatically obtained  at  any given value  of 
resistance and potential, by the known increments of resistance (in 100 or 1000 
ohm units) which were made to keep the image upon the photographic paper. 
The applied potential was read directly on a millivoltmeter (a Weston miUiam- 
meter adapted by series resistance to register one-half the potential drop through 
the entire bridge).  This gave essentially the potential drop across the cell  at 
balance.  It was frequently calibrated against a potentiometer, and was easily 
read to about 5 per cent. 
The electrodes were carefully prepared to avoid appreciable polarization at 
any of the current densities employed.  Large sheets of lead, amalgamated with 
mercury and coated electrolytically with chloride, were dipped into cups filled with 
acidified sea water.  These cups were connected to a second pair of vessels bearing 
the cell holders, by large blocks of agar imbibed with sea water.  These  were 
frequently renewed to avoid diffusion from the electrode vessels. 
The cells were supported in circular holes cut in stiff agar blocks which  main- 
tained a slight pressure on the ends of the cells.  These blocks were imbibed, and 
the wells filled, with the desired solution (usually sea water) through  which the 
electric current passed in entering  and leaving the cell.  Leaks of  fluid  were 
prevented by covering the tops of the wells tightly with glass or agar  slips,  the 
residual seepage being carried away by filter paper drains laid close to the contacts. 
Under these conditions the excess moisture drained off the cell and its resistance 
became stationary in 3 or 4 minutes (aside from inherent variations in the cells). 
It should be emphasized that neither dead cells, nor air-filled walls, 
nor any simple electrolytic conductor, showed the effects to be described. 
Large currents were sent through these for long periods of time without 
appreciable  change  of  resistance.  The  variation  of  resistance  with 
potential was only found in the living cells.  Unless otherwise noted, 
the  resistance values of the latter  are those attained  in  the  "steady 
state" after the "transient effects" are over, and no further change in 
the current is occurring.  They thus include any polarization poten- 
tials in addition to true ohmic resistance. 
A  resistance that apparently increases  with  potential  must  have  a 
lowered initial value, and this is characteristic of the freshly gathered 
cells of V. ventricosa.  Their resistance is often only a  third or a  half 
that attained when the cells have reached the constant state.  Since 
the resistance of the cell wall,  as a  shunt  around the protoplasm, re- 
mains nearly the same during this time, the changes in the protoplasm 
itself are relatively still greater. 
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of adhering growths, had a  resistance, when placed in the apparatus, 
of  700  ohms,  rising  slowly to  800  ohms,  when  measured  under  an 
applied potential of 20 mv.  The resistance rose to  1300 ohms when 
the potential was increased to 75 inv., and fell off again at potentials 
above this.  It returned to 750 ohms at 20 inv.  A  cell of similar di- 
mensions, which had stood quietly in sea water in the laboratory for 
4  weeks,  had  a  resistance  between  2100  and  2200  ohms;  this  only 
increased  about 5  per cent over the range of 15  to  100  my.  applied 
potential. 
When the first cell was killed its resistance dropped to 20 ohms at 
all  potentials.  Its  sap  and  protoplasm  were  then  removed;  the 
cellulose wall was well washed out with sea water, and inflated with 
air.  This wall had an average resistance of 2450 ohms (at all poten- 
tials), when measured in the same position as the cell, and under the 
conditions detailed in the previous paper. 6  This value makes it possi- 
ble to calculate what the protoplasmic resistance was in life.  By the 
method of calculation previously described  6 it was found to have been 
only 920 ohms when measured at 20 my., and to have risen to 2770 
ohms  at  75  my.  Thus  an  increase  of  200  per  cent  in  the  living 
protoplasmic  resistance  had  occurred  under  the  influence  of  the 
increased  voltage. 
Cells showing a  smaller  variation  in resistance have higher  initial 
values for the protoplasm.  The isolated wall of the nearly constant 
cell used  for  comparison  above, had  an  average  resistance  of 2380 
ohms.  Its  living  protoplasmic  resistance  was  therefore  between 
18,000 and  29,000 ohms.  This approaches  the values found  in  the 
constant  condition of the  cells, in which the  resistance of the living 
protoplasm may be 50,000 ohms or more3 
The  cells usually tend to rise in  resistance after collection, but the 
increase is not always gradual and there are often variations from day 
to day, apparently brought about by minor mechanical injury.  The 
extreme sensitivity of the cells to handling at this stage is shown by 
the following example: 
A  cell was measured immediately after collection, without cleaning 
or  drying.  The  resistance  rose from  1000  to  1200  ohms  during  2 
minutes of measurement at 25 my.  Ten minutes later, however, the 
resistance had fallen to 700 ohms at 25 my.  A brief application of 100 L.  R.  BLXNKS  797 
my. brought it back to  1200 ohms, but it fell to 680 ohms at 25 mv. 
again.  The cell was then removed and wiped very gently on a towel 
for only 30 seconds.  On replacing it, the resistance had fallen to 140 
ohms, and in 1 minute more was only 60 ohms.  Removal to sea water 
failed to cause recovery and  1 hour later the dead resistance was 40 
ohms.  The  average resistance of the air-filled wall was 1650 ohms, 
giving for the live protoplasm a  maximum  resistance of 4400 ohms, 
which decreased nearly to zero during the experiment. 
The  cells at this stage are often injured by continued measurement 
or long sojourn in the apparatus.  Frequently a cell which has stood 
several days without disturbance in sea water has a very high resistance 
when  first  placed between the  agar  blocks.  One  cell  reached  in  3 
minutes  a  resistance, measured  at  25  my., of  3800 ohms, which was 
slightly increased  by application  of  100 my.  (to  4000 ohms).  The 
resistance soon began to drop, however, and in 8 minutes had reached 
1250  ohms  (at  all  potentials).  At 900  ohms it was removed  to sea 
water for recovery.  The next day it appeared well, and gave an initial 
resistance  of 3000 ohms  at  25  my.  But the  value soon  decreased, 
and  in 6 minutes was 2000 ohms with the current  in one direction, 
1800 ohms in the other.  100 inv. caused a  rise to 3300, and  to  2900 
ohms, respectively, and  during a long application  the  resistance  rose 
to 3700 ohms.  When  the  cell was killed  4  hours later  the  average 
resistance of the wall was found to be 4100 ohms.  This  agrees fairly 
closely with the values of the first measurement (and less closely with 
the highest later attained under 100 my. applications). 
When we calculate what  the protoplasmic  resistance had  been in 
the living state, we find that it was between 52,000 ohms and 166,000 
ohms at first, but that it fell to 1150 ohms during the measurement. 
On the second dayit had recovered to 11,000 ohms at 25 my. potential, 
and the application of 100 my. raised it to 38,000 ohms.  Very large 
fluctuations had thus occurred during life. 
The  values  of  resistance  attained  under  the  application  of  high 
potentials are shown in  Table  I, for a  group of variable cells.  It is 
seen that the higher resistances reached are from 50 to 90 per cent of 
the value for the isolated cell wall, and that the values for low poten- 
tial are in general about half that for high potential.  (The differences, 
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The  ratio  of low  to  high  values suggests  that  the two  levels  of 
resistance correspond to two current paths of nearly equal resistance, 
both of which conduct at low potentials,  but one of which becomes 
non-conducting at higher potentials.  There are two circuits in which 
this is possible.  These are shown in Figs. I and 2. 
In the case of Fig. 1, we assume that the current does not pass across 
the protoplasm  into  the vacuole,  but  that  under low  potentials  it 
TABLE  I 
Apparent Direct Current Resistance Levels of Variable  Valonia ventricosa 
Living cells  Dead cells 
Cell No.  Low value  High value  Resistance* 
Isolated  wall 
Dead cell  filled  with air 
4 
23 
25 
27 
30 
32 
34 
44 
45 
51 
54 
55 
59 
60 (lst day) 
"  (2nd day) 
Potential  Resistance 
m~.  ohm 
25  2000 
22  1200 
25  1000 
20  1500 
25  1450 
25  1000 
25  3600 
25  1280 
25  1600 
25  2200 
25  1600 
25  1400 
25  830 
25  1900 
25  3600 
Potential  Resistance 
~.  okms 
100  4600 
100  2000 
100  2100 
100  2800 
100  2350 
100  1700 
50  4300 
100  1570 
100  23O0 
75  3800 
75  2100 
100  1690 
100  910 
150  2700 
75  3800 
ohm 
55 
38 
27 
53 
40 
40 
50 
63 
4500 
4200 
2500 
4700 
20O0 
2100 
4000 
3300 
1700 
1200 
4150 
* These resistances do not vary with the applied potential. 
may pass  around  the  cell  through  the wall,  and  also  through  the 
protoplasm just beneath the wall.  Since the protoplasm is of about 
the same thickness as the wall, the relation of resistance levels would 
be readily explained by the assumption that it consisted of 3 layers 
(W  being  imbibed  with  sea  water),  and  that  the  outer  layer  X 
admitted current at  low  potentials,  but  became highly resistant at 
higher values (Y remaining a poor conductor at all times).  The cur- L.  R.  BLINKS  799 
rent would thus find two nearly equal paths at low potentials but only 
one (the wall) at higher potentials. 
This assignment of the current paths is attractive in that it explains 
how the cells may have a  high resistance and still maintain a  cell sap 
of  high  potassium  content  by  the  impermeability of  Y.  It is  also 
partially  favored by the  failure  to  detect  an  increase of  sulfate ion 
in the vacuolar sap even after current under low  potential had been 
passed through  cells for  1 hour or more from sulfate sea water  s (the 
~, ~  ~P  ~ ~ .... 
F1o.  1  Fio. 2 
FIG. 1. Diagram of suggested current paths in the variable cell  (the length of 
the arrows indicates the magnitude of the current).  At the left the  current is 
shown equally divided between the wall and  the protoplasm.  This  represents 
the low resistance value.  At higher potentials the conditi6n at the right may be 
produced, in which the layer X has become almost non-conducting so that almost 
all of the current is confined to the cell wall.  In either case, little or no current 
passes into the sap.  (The highly resistant layers are indicated by heavy black 
lines.) 
FIG. 2.  Diagram of current paths which  represents the apparent condition in 
variable cells  (the length of the arrows indicates the magnitude of the current). 
At the left much of the current is shown passing across the protoplasm from sap to 
contact.  At higher potentials the condition shown at the right is produced,  in 
which the resistance of the protoplasm has greatly increased,  confining  most of 
the current to the ceil wall.  (The highly resistant layers are indicated by heavy 
black lines.) 
s This had the following composition: 
Na2SO4  0.4  ~  1000 parts 
KsSO4  0.4 x~  20  parts 
MgSO4  0.6 M  116 parts 
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resistance  remaining at  the low level throughout).  But  calculation 
shows  that the migration of any ion would be extremely small over 
this period at  the necessarily small current density employed.  The 
resistance rises in larger currents and a  much longer exposure in the 
apparatus is usually injurious to the cells.  On the other hand the less 
certain criteria  of  alternating  current measurements  show that  the 
differences between the low and the  high levels of resistance are not 
paralleled  by the expected reduction of capacitance which would be 
caused by a  new layer of dielectric (X)  added in series to the existing 
one  (Y)when  the  cells  passed  from  the  variable  to  the  constant 
state. 
Fig. 2 shows assumed conditions in better agreement with the facts, 
especially those derived from the study of cells impaled on capillaries. 
In such cells there is no other path for the current but that directly 
across the protoplasm, from sap to wall.  Yet the same rise of apparent 
resistance takes place there as in the intact cells.  Complete discussion 
of these results must be deferred, but it may be said that  their essen- 
tial features are duplicated  in  the experiments  performed on intact 
cells which have been chloroformed at one end.  These give virtually 
a contact with the sap at  the killed end, and the current passes across 
but one layer of living protoplasm. 
The tightly fitting contact of the cell with the agar makes it possible to apply 
chloroform at one end so that it cannot reach the other end except by diffusion 
through the sap.  This is so slow that for a few minutes after the chloroformed  end 
is completely dead the other end is nearly normal.  In performing the experiment 
sea water saturated with chloroform is substituted for the sea water in the well, 
or a small  drop of chloroform may be  introduced into the well, which is then 
covered  again. 
The prompt effect of the chloroform is to cause a deflection of the bridge detec- 
tor, corresponding to a potential difference in the cell up to 20 or 25 my., the killed 
end being positive.  (This is in agreement with the impaled cells of V. ventricosa, 
in which the inside (sap) attains a value of 15 to 25 my. positive  J)  This potential 
difference is balanced out by a series potentiometer, or the deflected state may be 
used as a pseudo-zero. 
When  the  variable  cells  are  thus  chloroformed at  one  end  quite 
different resistances  are  found,  depending on  the  direction in which 
the  current flows throug  h  the  cell.  These become most marked  at 
the higher potentials.  Below 20 my. the resistance  is  somewhat  less T..  R.  ~T.ISKS  801 
than  in the unchloroformed cell  and remains about the same with 
the current passing in  either direction.  But as  the positive current 
is increased outward across  the living end,  the resistance  begins to 
decrease with increasing potential, and may be nearly halved at 100 my. 
Only when the positive current is passed inward across the uninjured 
protoplasm does the resistance rise with potential. 
The variable and directional effects are most marked for about 10 or 
15 minutes after chloroforming and then begin to fall off as the total 
resistance decreases.  This  is taken as meaning that  the chloroform 
has begun to injure the other end of the cell, which eventually is also 
killed.  Before this occurs, however, the effects are sufficiently clear 
to explain the essential phenomena of current flow across a single layer 
of protoplasm.  The results are shown diagrammatically in  Fig.  3. 
A  is  the  resistance  curve of  cells  in  the  constant  state.  For  a 
range of over 100 mv. either side of zero, the resistance is constant. 
It  falls  off as  the breakdown value is  exceeded, but  more rapidly 
when the positive current passes outward (from sap to sea water) than 
when it passes inward.  Curve B represents the variation of resistance 
in a  cell which has nearly recovered constancy.  The maximum rise 
of resistance between zero and 100 mv. with inward current is only 
about 5  per cent, but the resistance falls rapidly when the current 
passes outward.  Curve C is that of the typical variable cell, in which 
with inward current the resistance rises over  100  per cent with  the 
increase of potential between zero and 100 my.  An outward current 
causes a  smaller decrease of resistance.  Curve D, which represents 
an impaled cell, is included to show the extreme of the variable con- 
dition, in which the resistance is nearly at zero with small currents in 
either direction,  but increases greatly with larger  inward currents. 
Increased outward currents, on the contrary, have very little effect, 
since the resistance is already very low.  Curve R shows that in dead 
cells the variations are absent, and the resistance is low at all potentials. 
The shape of these curves is rather variable, and depends in large 
degree on the immediately preceding history of the cell.  If a current 
has been passed shortly before, the whole curve may be shifted to the 
right or left within the limits represented by B  and D, depending on 
the direction in which the current has passed  (an explanation of this 
will be suggested presently). pd 
All the levels mentioned are those of the steady state in which the 
resistance has reached a value that no longer changes with time during 
the current flow.  But the speed with which this steady  state  is at- 
tained is highly dependent on the previous treatment, and varies with 
the length  of  time  between  applications  of potential.  Nothing  has 
previously been  said of the  time course of these  resistance changes, 
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FIG. 3.  Diagrammatic graph showing the variation of resistance with potential 
across a single layer of Valonia protoplasm.  The resistance is in arbitrary units, 
the applied potential is in miUivolts, increasing  on either side of zero; to the left 
there is an increasing  positive current from sea water to sap; to the right, from 
sap to sea water.  Curve A represents the constant condition, B and C the varia- 
ble condition of intact cells, D that of an impaled cell, and E that of a dead cell. 
and they are more properly reserved  for discussion in another paper 
with  the  "transient  effects" which  occur  at  every application  and 
removal of potential across  the  cells.  They  are,  however, of value 
in  analyzing the  cause of the  resistance rise2 
9 Blinks, L. R., Proc. Soc. Exp. Biol. and Med., 1928-29, 26~ 359.  An expansion 
of this preliminary note is shortly to be published. L.  R.  BLINKS  803 
A  very small current may pass through the  cells for a  long time-- 
up to an hour or more at 20 mv.--without effect either on the resist- 
ance or the back E.M.F.  A slight increase of potential above this is also 
Zero 
FIG. 4a 
Zer¢ 
FIG. 4b 
FIG. 4a.  String galvanometer  record of the resistance rise under the application 
of 75 mv. to a variable  cell.  The bridge  has previously  been  balanced  to the 
steady state value so that the curve rises to zero.  M, make, B, break,  of voltage 
applied to bridge.  Time marks,  1 second. 
FIC. 4b.  (Continuation of 4a.)  String galvanometer  record of second and third 
applications  of 75 my. in immediate  succession after 4a.  Details as in 4a. 
ineffective at  first.  But as the current  flow continues the galvanom- 
eter  deflects,  at  first  slowly,  then  more  rapidly,  and  finally more 
slowly again, to reach what resembles a  steady state.  If the measur- 
ing potential is now removed, a much larger back E.M.F. is  discovered, 804  RESISTANCE  AND  POTENTIAL.  I 
and a current flows for a moment in the opposite direction, the zero line 
being approached by a regular curve. 
The application of the same potential again causes a  regular rise 
of apparent resistance, but this time more rapidly, showing that an 
effect  of  the  previous  exposure  persisted.  A  third  application  in 
quick succession is usually still faster.  Fig. 4 shows a  typical string 
galvanometer record of such a series of applications. 
Several facts come out of the study of such records.  It is evident 
that  part  or  all of the apparent  rise  of  resistance is  due to a back 
E.a~.~. developed by the current.  This has the effect of a  capacity 
(either polarization or static) but it differs from these in that the time 
constant is quite different for the charge and the discharge, the first 
charge taking 10 to 20 times as long as the discharge.  The time con- 
stant of charging also changes from one exposure to the next, becoming 
less with succeeding applications.  Even after several exposures have 
been made, the curves do not reach that equality and symmetry of 
rise and fall which characterize condenser and  electrode charge and 
discharge  (the  "superposition law"  of  Curiet~).  Since  cells  in  the 
constant  condition  have  very  symmetrical  charge  and  discharge 
curves  (cf.  the curves for Nitelta4),  it seems probable  that another 
process is occurring in the first part of the resistance rise in the varia- 
ble cells.  This in effect is a  change of the protoplasm from an elec- 
trode fairly reversible to the ions passing, to  an electrode nearly or 
entirely irreversible to them, and finally becoming polarized with an 
opposite and nearly equal E.~.F.  The question occurs whether it is 
the nature of the protoplasmic electrode that is being changed (as if 
by a decrease in pore size)  or whether the kinds of ions in the current 
are  changing.  The latfer is  the simpler  explanation, and has  con- 
siderable  evidence  in  its  favor.  The  mechanism for  this  effect  is 
suggested  by  the  thin  collodion  membranes  discussed  in  another 
paper. 9  In  these  the  resistance  is  found to  be  dependent on  the 
applied potential, rising when sodium ions are carried across it, and 
falling when potassium ions are so  carried.  In such collodion the re- 
sistance rise is real, due to the different  ion mobilities, and not to a back 
E.~.~. of polarization.  But the mechanism is suggestive of what might 
I0 Curie, J., A~z. chim. et phys.,  1889 (6), 18, 203. r..  R.  B~.m-~s  805 
happen in a membrane which allowed one kind of ion to pass freely, 
while polarizing when presented with another kind.  ~  Small currents 
would not carry away the first kind any faster than they diffused back, 
but greater currents would decrease their concentration, and polariza- 
tion would then occur.  In so-called "non,polarizable"  electrodes an 
apparent increase of resistance may be brought about by large current 
densities in this manner. 
The question remains, what are the ions which the protoplasm allows 
to pass in its variable state?  The high concentration of KC1 in the 
sap, and the fact that the resistance falls and polarization decreases, 
when the current passes outward from the sap across the protoplasm 
suggests that it is potassium ions which have a  high mobility in the 
variable Valonia cells.  There is considerable evidence that potassium 
remains trapped for a long time in the protoplasm,  and its presence is 
apparently responsible for the shift of the curves in Fig. 3 toward D. 
As the cells recover, this potassium is lost by diffusion or by absorption 
into the vacuole, and the highly resistant level of A is reached.  How- 
ever, application of 0.6 ~  KC1 to the outside of the cells produces very 
little  effect for  considerable time,  and  there is  even the anomaly, 
during part of the exposure, of a shorter time constant of ~olarization 
in KC1 than in sea water.  But it should be said that great difficulty 
is met in interpreting the effects of single salts, since  they produce 
alterations in the protoplasm.  A large amount of KC1 in sea water 
sometimes has  an effect in  preventing the rise of resistance in  the 
variable state, but this disappears as the cells approach the constant 
state.  Further  evidence on  the  reversibility bo  ions  will  be  given 
for impaled cells in another paper. 
The  ultimate  cause  of  the  variable  state  has  been  ascribed  to 
mechanical injury,  e but the other alternative might be to regard the 
variable state as the natural, growing condition of the cells, as opposed 
to an artificial, highly impermeable state which they may reach in the 
laboratory.  However, many cells have a constant high resistance from 
the beginning, and can later be made variable by mechanical injury 
such  as  impalementJ  Reference  has  been  made  in  a  preceding 
paper  s to the ease with which V. ventricosa protoplasm breaks up into 
11 Cf. Labes, R., Arch.  exp.  Path.  u.  Pharm.,  1927, 125, 29;  Zaln, H., Ibid. 
53; Labes, R., and Zain, }t., Ibid.,  126, 284, 352. 806  RESISTANCE  AND  POTENTIAL.  I 
hundreds of tiny spheres which are new cells inside the old wall.  It 
is easy to conceive this process as partly occurring, the strains in the 
surface greatly changing its permeability (or thickness) without gross 
rupture.  High temperature alone (up to  30 ° or 31°C.  at Tortugas) 
does  not  cause  the  variable  state,  since  constant  cells  taken  back 
from New York to Tortugas and exposed to this temperature do not 
develop  the  effect,  and  the  recovery of  variable  cells  takes  place 
regularly at this temperature. 
Since the variable condition is a means of producing great changes of 
permeability to some ions, during an apparently healthy state of the 
cells,  it  has  a  bearing upon injury and recovery.  This will be dis- 
cussed in a  later paper. 
Grateful acknowledgment is made to  the  Carnegie Institution of 
Washington for its generous cooperation at the Tortugas Laboratory, 
where these experiments were carried out. 
SUM~JAR¥ 
Many of the freshly gathered  cells of  Valonia  ventricosa have  a 
resistance  to  direct  current  which  is  variable  and  depends on  the 
potential  applied.  It  is  low  when low  potentials  are  applied  and 
rises sharply at higher values.  The rise may be more than 100 per 
cent in the cell as a whole, which is equivalent to several hundred per 
cent in  the protoplasm  alone.  The  rise  becomes less  as  the  cells 
stand in the laboratory, until a  maximum is reached at all applied 
potentials, low and high, below the breakdown value (about 100 mv.) : 
the cells are then said to be in a constant state. 
During the variable state, the resistance rises when the positive cur- 
rent enters the protoplasm from outside, and falls when it passes out 
from  the vacuole (this  is  determined by killing one end with  chlo- 
roform). 
The rise of resistance becomes faster with closely succeeding appli- 
cations of potential.  This is ascribed to the removal from the proto- 
plasm of ions to which it is reversible.  There is some evidence "that 
these may be potassium ions. 
Much of the apparent resistance rise may be accounted for  by  a 
back E.~.F.  caused by the flow of current. 